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experiments also show that the change comes on when the ratio of the pressures is between *483 and '531.
R. D. Napier appears to have been the first to make the discovery*. He found, by his own experiments on steam, that the change came on when the ratio of pressures fell to '5 (see Encyc. Brit. Vol. xn. p. 481). Zeuner, Fliegner, and Hirn have also investigated the subject.
At the time when Graham wrote, a theory of gaseous motion did not exist. But after the discovery of the mechanical equivalent of heat and thermodynamics, a theory became possible, and was given with apparent mathematical completeness in 1856. This theory appeared to agree well with experiments until the particular fact under discussion was discovered. This fact, however, directly controverts the theory. For on applying the equations giving the rate of flow through an orifice to such experiments as Mr Wilde's, it appears that there is a marked disagreement between the calculated and experimental results. The calculated results are even more remarkable than the experimental; for while the experiments only show that diminishing the pressure in the receiving vessel below a certain limit does not increase the flow, the equations show that by such diminution of pressure the flow is actually reduced and eventually stopped altogether.
In one important respect, however, the equations agree with the experiments. This is in the limit at which diminution of pressure in the receiving vessel ceases to increase the flow, which limit by the equations is reached when the pressure in the receiving vessel is *527 of the pressure in the discharging vessel.
The equations referred to are based on the laws of thermodynamics, or the laws of Boyle, Charles, and that of the mechanical equivalence of heat. They were investigated by Thomson and Joule (see Proc. Roy. Soc., May 1856), and by Prof. Julius Weisbach (see Owilingemeur, 1856); they were given by Rankine (articles 637, 637 A, Applied Mechanics), and have since been adopted in all works on the theory of motion of fluids.
Although discussed by the various writers, the theory appears to have stood the discussion without having revealed the cause of its failure; indeed, Hirn, in a late work, has described the theory as mathematically satisfactory.
Having passed such an ordeal, it was certain that if there were a fault, it would not be on the surface. But that by diminishing the pressure on the receiving side of the orifice the flow should be reduced and eventually
* The account of E. D. Napier's experiments is contained in letters in the Engineer, 1867, vol. xxiii. January 4 and 25. They were made with steam generated in the boiler of a small screw-steamer and discharged into an iron bucket, the results being calculated from the heat imparted to a constant volume of water in the bucket in which the steam was condensed.